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Andre Düvel1,2, Paul Heitjans1,2, Pavel Fedorov3, Gudrun Scholz4, Giannantonio Cibin5,
Alan V. Chadwick1, David M. Pickup1, Silvia Ramos1, Lewis W. L. Sayle1, Emma K.
Sayle1, Thi X. T. Sayle1, Dean C. Sayle1
1 School of Physical Sciences, Ingram Building, University of Kent, Canterbury, Kent CT2 7NH,
United Kingdom; 2 Institut für Physikalische Chemie und Elektrochemie, Leibniz Universität
Hannover, Callinstr. 3-3a, 30167 Hannover, Germany; 3 General Physics Institute, Russian
Academy of Science, 38 Vavilov Str., 119991 Moscow, Russia; 4 Institut für Chemie,
Humboldt-Universität zu Berlin, Brook-Taylor-Str. 2, 2489, Berlin, Germany; 5 Diamond Light
Source, Harwell Science and Innovation Campus, Didcot, Oxfordshire OX11 0DE, United Kingdom
E-Mail: a.duvel@kent.ac.uk
Ba1−xCaxF2 shows a by several orders of magnitude increased ionic conductivity com-
pared with the parent materials, BaF2 and CaF2 [1]. Using experimental techniques and
molecular dynamics simulation we concluded that the origin of this conductivity increase
is most likely an excess volume which reduces the activation energy for the fluoride ion
migration. The excess volume is caused by geometric frustration, i.e., the impossibility to
build a perfect fluorite structure by distributing the differently sized Ba2+ and Ca2+ over
the cation sites which reduces the packing density of the system [2]. As a consequence,
Ba1−xCaxF2 exhibits the properties of a superionic fluorite
1 already at low temperature,
which comprise: a disordered anion sublattice, excess volume, high ionic conductivity, low
activation energy and collective ion transport [3]. The emergence of collective (or coop-
erative) ion transport can be understood as the melting of the anion sublattice [4] due
to a sufficiently low migration activation energy, causing the high ionic conductivity and
non-linear volume increase in pure fluorites.
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1Superionic conduction in a fluorite emerges when it is heated beyond circa 0.8 · Tmelt.
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